The liver fluke Fasciola hepatica is a highly evolved parasite that uses sophisticated mechanisms to evade the host immune response. The immunosuppressive capabilities of the parasite have been associated with antigens secreted through the parasite's tegument, called excretory-secretory products (ESPs). Proteomic studies have identified the fatty acid binding protein (FABP) as one of molecules present in the parasite ESPs. Although FABP has been investigated for potential use in the development of vaccines against fascioliasis, its direct interaction with cells of immune system has not been studied. In this study, FABP was purified in native form from soluble extracts of F. hepatica adult flukes using a combination of molecular sieving chromatography and preparative isoelectric focusing. The immunological effect of the purified protein, termed Fh12, was assayed in vitro using monocyte-derived macrophages (MDM) obtained from healthy human donors. Results from the assay indicate that Fh12 produced a significantly increased arginase expression and activity and induced the expression of chitinase-3-like protein (CHI3L1). The assay also showed that Fh12 downregulated the production of nitric oxide (NO) and the expression of nitric oxide synthase (NOS2). This indicates that Fh12 induced the production of alternatively activated macrophages (AAM). The results also demonstrated the ability of Fh12 to downregulate the secretion of the proinflammatory and inflammatory cytokines tumor necrosis factor alpha (TNF-␣), interleukin-12 (IL-12), and IL-1␤B, even after stimulation with lipopolysaccharide (LPS), as well as its ability to stimulate the overexpression of IL-10. These results suggest a potent anti-inflammatory role for Fh12, which could occur via targeting of Toll-like receptor 4 (TLR4).
F
ascioliasis, caused by the liver fluke Fasciola hepatica, is a chronic infection that affects more than 600 million animals in the world and produces economic loses estimated at more than 2 billion dollars per year. Fascioliasis is known to reduce the production of animal milk and meat, specifically in cattle and sheep (1) . Moreover, fascioliasis is currently considered an emerging human disease, with an increased number of reported cases, observed particularly in the Andean rural regions (1, 2) . During its life cycle, F. hepatica migrates across body cavities, penetrates host tissues, and settles in bile ducts, where flukes can then live for many years (1) . During its migration, the parasite excretes and secretes a large number of antigens, which induce an immunosuppressive effect to prevent the innate immune response in the mammalian host. This results in the suppression of the effective priming of an adaptive immune response. This immunosuppressive status is what allows the long-term survival of F. hepatica and therefore the development of chronic infections. Proteins secreted by this parasite are termed excretory-secretory products (ESPs) and are known to contain a mixture of proteolytic enzymes (such as cathepsin-L [CatL] ) and antioxidants (such as glutathione S-transferase [GST], thioredoxin peroxidase [TxP] , and fatty acid binding proteins [FABPs] ) (3, 4) . Proteolytic enzymes are important for digestion of the host tissue and are used in the parasite's defense mechanism. The proteolytic enzymes and antioxidants have been proposed as vaccine candidates against fascioliasis (5) (6) (7) (8) (9) (10) (11) (12) (13) .
Previous studies performed with recombinant forms of F. hepatica proteins, such as CatL1, GST, and TxP, have shown that these proteins interact with cells of immune system in animal model of fascioliasis (14) (15) (16) . CatL1 and GST have been shown to activate dendritic cells via interaction with the pattern recognition receptor (PRR) Toll-like receptor 4 (TLR4) (15) . F. hepatica and other helminth-derived peptides have also shown to suppress the activation of macrophages by microbial stimuli and to alter the response of B cells to cytokine stimulation (17, 18) . Total ESPs and recombinant versions of thioredoxin peroxidase have been shown to induce the alternative activation of macrophages in murine (14, 19) and ruminant (16, 20) models of fascioliasis. The alternatively activated macrophages (AAM) are associated with the Th2-type immune responses that are typically induced by F. hepatica, as well as many other helminth parasites, and that are involved in controlling Th1-type immune responses (21) . In contrast, Th1-type immune responses with classically activated macrophages (CAM) are usually developed in bacterial, viral, or protozoan infections (21, 22) . It has been proposed that F. hepatica induces these AAM as a manipulative survival strategy which allows this parasite to survive in the mammalian host for long periods of time (14, 19) .
Studies on F. hepatica fatty acid binding proteins (FABPs) have been focused mainly on their potential application as vaccine candidates against fascioliasis (6, 10) . However, no information is currently available on how FABPs interact with cells of the innate immune system to modulate host immunity. F. hepatica FABPs are immunogenic proteins with molecular masses of 12 to 15 kDa that play important roles in nutrient acquisition and parasite survival within the mammalian host. Because liver flukes express a highly reduced lipid metabolism, flukes are unable to synthesize long-chain fatty acids and steroids de novo and are unable to pro-cess lipids by ␤-oxidation. Proteomic studies have identified FABPs in the ESPs and in the tegumental coat antigen of F. hepatica (3, 4) . Therefore, by virtue of its location, FABP is likely a molecule that facilitates the parasite's survival in the host. The objective of this study was to understand the effect of native forms of F. hepatica fatty acid binding protein on human monocytederived macrophages (MDM) in vitro.
MATERIALS AND METHODS
Parasites. F. hepatica adult flukes were obtained from bile ducts of naturally infected cattle sacrificed at a local slaughterhouse. Parasites were washed with 0.05 M phosphate-buffered saline, pH 7.2 (PBS), to eliminate all traces of bile and blood and were transported to the laboratory in clean prewarmed RPMI 1640 medium.
Purification of native 12-kDa FABP. Native F. hepatica fatty acid binding protein (Fh12) was purified from F. hepatica adult fluke extract using a combination of gel filtration and preparative isoelectric focusing (IEF) separations, as previously described (23) . Briefly, F. hepatica adult flukes were homogenized in a Teflon homogenizer using PBS in the presence of a protease inhibitor cocktail. The solution was then centrifuged at 30, 000 ϫ g for 30 min at 4°C. One hundred milligrams of the soluble extract protein was loaded onto a Sephadex G-50 (XK 26/100) column equilibrated with PBS and chromatographed at a flow rate of 3 cm/h. The column was calibrated using proteins of known molecular mass (cytochrome c [12. 0 kDa] and carbonic anhydrase [29. 0 kDa]). Proteins that eluted within a first high, broad peak were discarded. Proteins that eluted within a second small peak, with an elution volume equal to or greater than that for cytochrome c but lower than that for carbonic anhydrase, were collected, pooled, and dialyzed overnight against 1% glycine in the presence of 2% ampholytes (pH 3 to 10 and pH 5 to 7 at a ratio of 1:4) (Bio-Rad Laboratories, Hercules, CA, USA). The sample was loaded into a liquid isoelectric focusing (IEF) system (Rotofor; Bio-Rad) and maintained at 4°C. Two consecutive IEF runs were carried out following the manufacturer's instructions. Separation was achieved by applying constant power (12 W) until the voltage stabilized at approximately 1,400 V. Focusing was continued for an additional 30 min and then terminated (an IEF run lasts approximately 6 h). Individual IEF fractions were harvested, and their pH and absorbance at 280 nm were measured. Each aliquot was subjected to 12.5% SDS-PAGE, and the proteins were visualized by silver staining. Fractions from the second IEF run with a pH between 4.61 and 5.9 that exhibited a polypeptide band around 12 to 15 kDa were manually excised from the gel, washed twice with double-distilled water, digested with sequencing-grade trypsin (Promega, Madison, WI), and analyzed by matrix-assisted laser desorption ionization (MALDI) and tandem mass spectrometry (MS/MS), as previously described (24) . Fractions in which the fatty acid binding protein was identified were pooled, exhaustively desalted against PBS, concentrated by ultrafiltration using an YM-10 membrane (which excludes components with molecular masses lower than 10 kDa), and stored at Ϫ20°C.
Immunoreactivity of the purified Fh12 protein. Enzyme-linked immunosorbent assay (ELISA) and Western blotting techniques were used to assess the immunoreactivity of the purified F12 protein following established protocols. The purified protein was tested against a pool of sera from people with chronic fascioliasis, an antiserum prepared against F. hepatica tegument extract (24), a specific polyclonal antibody obtained against ESPs (25) , and an specific polyclonal antibody raised against Fh15, the recombinant form of FABP (26) .
Human MDM culture. Blood was collected from healthy subjects using lithium heparin-coated Vacutainers. The Institutional Review Board (IRB) of the University of Puerto Rico School of Medicine approved the studies (protocol H14122), and subjects gave written informed consent before collection of blood samples. The heparinized blood was layered on Ficoll-Histopaque (BD Pharmingen) and subjected to centrifugation at 1,500 ϫ g for 30 min. The white layer of peripheral blood mononuclear cells (PBMCs) was gently aspirated and aseptically transferred into sterile tubes. The cell suspension was washed and cultured in sterile RPMI 1640 supplemented with 20 mM L-glutamine, 10% fetal bovine serum (FBS), and antibiotics (1 ml penicillin and streptomycin/100 ml of medium) (Sigma). After assessment of cell viability by trypan blue staining, PBMCs were seeded at a density of 4 ϫ 10 6 cells/well in supplemented RPMI 1640 and cultured in 6-well culture plates. After 3 h of incubation at 37°C, nonadherent cells were removed by washing with warm RPMI. Adherent cells were highly enriched for macrophages (Ͼ95%) as assessed by fluorescence-activated cell sorting staining with the macrophage marker F4/80 (BD Pharmingen, San Diego, CA). Adherent cells were removed with cold PBS and a scraper and were seeded at a density of 10 6 cells/ml. Cells were cultured for 6 days, with the medium changed every second day. The cells were treated with lipopolysaccharide (LPS) (15 g/ml), Fh12 (1, 5 and 10 g/ml), or a mixture of LPS and Fh12 for 48 h. Cells treated with interleukin-4 (IL-4) (10 ng/ml) as reported in elsewhere (27) were used as control of alternative activation of macrophages. Supernatants were collected and analyzed for nitric oxide (NO). Cells (mostly monocyte-derived macrophages [MDM]) were washed with RPMI, removed with a scraper, and analyzed for intracellular arginase activity by a colorimetric method.
NO. Supernatants were tested for nitric oxide using the Griess reagent system (Promega). Briefly, 50 l of supernatant was added to each well of a 96-well plate, and then 50 l of sulfanimide solution was added and the plate was incubated for 10 min in the dark at room temperature. Immediately after, 50 l of N-napthylethylenediamine dihydrochloride (NED) solution was added, and the plate was incubated at room temperature. Absorbance measurements were taken at 540, nm and NO concentrations were determined using a standard curve prepared from a stock solution of 100 M nitrate.
Arginase activity. Cells were lysed using 100 l of radioimmunoprecipitation assay (RIPA) buffer (10 mM Tris-HCl [pH 7.4], containing 0.15 mM pepstatin-A, 0.2 mM leupeptin, and 0.4% [wt/vol] Triton X-100) followed by incubation on a rocking platform for 1 h and centrifugation at 20,000 ϫ g at 4°C for 10 min. Supernatants (40 l) from cell lysates were mixed with 10 l of 5ϫ arginine substrate in a 96-well plate, and the reaction mixture was incubated for 2 h at 37°C. Two hundred 200 microliters of urea reagent was then added to each well, and the solution was incubated for 60 min at room temperature. Absorbance measurements were taken at 430 nm. The levels of urea in the samples were determined by using a standard curve. One unit of enzyme activity was defined as the quantity of enzyme required to convert 1 M L-arginine to ornithine and urea per minute, at pH 9.5 and 37°C, per million cells.
RNA extraction, RT, and quantitative real-time PCR analysis. RNA was extracted from Fh12-and LPS-stimulated cells using RNeasy columns from Qiagen, following the manufacturer's instructions. One microgram of total RNA was treated with DNase I (Ambion, Inc.). For reverse transcription (RT)-PCR, first-strand cDNA was produced with oligo(dT) primers from 1 g total RNA using avian myeloblastosis virus reverse transcriptase (reverse transcription system; Syd Labs Inc., Malden, MA, USA) at 42°C for 15 min, followed by 95°C for 3 min. A 1-l aliquot of the resultant cDNA was amplified using primers specific for the genes for NOS2, Arg-1, eosinophil chemotactic factor chitinase-3-like protein (CHI3L1), IL-12A, tumor necrosis factor alpha (TNF-␣), IL-1␤, IL-10, and ␤-actin (ACTB) as a housekeeping gene ( Table 1 ). The amplification involved 40 cycles, with 1 cycle consisting of 15 s of denaturation at 95°C, 1 min of annealing of primers at 55°C, and 1 min of elongation at 55°C. Real-time PCR was performed with an Agilent MX300 cycler and a SYBR green I Master kit (Syd Labs). For each primer set, the primer concentration was optimized, and dissociation curves were generated to verify the amplification of a single PCR product. The relative expression of the genes was calculated using the 2 Ϫ⌬⌬CT formulas and ACTB as a normalizer. Cells stimulated with PBS were used as a negative control. Values are reported as the mean of two replicates. The standard deviation (SD) of each mean is shown as error bars in each graph.
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Cell viability. MDM were seeded into 96-well plates (2 ϫ 10 5 cells/ml) and treated with LPS (15 g/ml), Fh12 (5 g/ml), or IL-4 (10 ng/ml) for 24 h or 48 h. Following incubation, cell viability was assessed by adding 50 l XTT {sodium 3=-[1-(phenylaminocarbonyl)-3,4-tetrazolium]-bis(4-methoxy-6-nitro)benzene sulfonic acid hydrate} labeling reagent (Roche Life Science, USA) to each well. Following an incubation of 6 h at 37°C, the absorbance of each well was read at 480 nm.
Statistical analysis. All experiments were repeated three times and the results expressed as the mean value Ϯ standard deviation. For comparisons of values for two groups, the unpaired Student t test was used, and when four groups were compared, the analysis of variance (ANOVA) test was used. Statistical analyses were done using GraphPad Prism software (Prism 6). For all tests, a P value of Ͻ0.05 was deemed significant.
RESULTS

Purification of native F. hepatica FABP.
A number of protocols have been designed to purify native FABPs from humans and parasites (28) (29) (30) . In this study, Fh12 was purified from soluble extracts of adult flukes following a preoptimized protocol that combines separation by molecular sieving chromatography and two consecutive rounds of preparative isoelectric focusing (IEF) using ampholyte mixes with a wide range of pH values (23) . After separating the F. hepatica extract using Sephadex G-50 chromatography, two major peaks were recovered. The first peak contained proteins with molecular masses of Ն30 kDa. The second peak contained proteins in the range of 2 ϫ 10 4 to 1.2 ϫ 10 3 kDa. Fractions from the second peak were pooled and fractionated by preparative IEF steps. To ensure the availability of sufficient protein for subsequent separation and analysis, a large volume of protein solution (peak 2, Ͼ800 mg) was processed. Initial experiments showed that using a large quantity of protein resulted in protein precipitation during preparative IEF. Therefore, three consecutive preparative IEF runs were performed, using 300 mg of protein per run. The 20 fractions collected per run were analyzed by SDS-PAGE, and the patterns of fractions from the three runs were found to be similar among all fractions. Identically numbered fractions from each of the three runs were pooled. Thus, 20 fractions were obtained (fractions 1 to 20). After analyzing by 12.5% SDS-PAGE, seven fractions with isoelectric points (pIs) of 4.61, 5.11, 5.24, 5.33, 5.44, 5.72, and 5.9 were selected because they contained the 12-kDa polypeptide, as reported previously (23) . In the selected fractions a faint slightly smaller band was also observed. MALDI-MS/MS analysis of either the 12-kDa band or the smaller band excised directly from gel confirmed the presence of fatty acid binding protein, indicating that despite using a protease cocktail in the extract preparation, some minor protein degradation occurred during the purification process. Selected IEF fractions were pooled, exhaustively desalted against PBS, and concentrated by ultrafiltration using an YM-10 membrane. The resulting purified protein was termed Fh12 (Fig. 1) . Purified Fh12 was highly reactive against an anti-Fh15, immune serum as shown by ELISA, as well as against human sera obtained from patients with chronic fascioliasis. Moreover, Fh12 was also highly reactive against anti-ESP and anti-FhTg antisera (Fig. 2A) . Consistent with the ELISA results, the 12-kDa polypeptide band was also identified when Fh12 was analyzed by Western blotting against the antiFh15, anti-FhTg, and anti-ESP sera (Fig. 2B) .
Alternative activation of macrophages by native 12-kDa F. hepatica FABP. MDM from naive donors exposed to different concentrations of the native 12-kDa F. hepatica FABP (Fh12) expressed differential expression of Arg-1, which reached maximal values at an Fh12 concentration of 5 g/ml (data not shown). Therefore, subsequent experiments were performed using 5 g/ml as the optimal Fh12 concentration. Cells that were exposed to Fh12 alone or in combination with LPS expressed significantly high levels of Arg-1 and eosinophil chemotactic factor chitinase-3-like protein (CHI3L1) accompanied by downregulation of NOS2, which were not significantly different from those stimulated by IL-4, which is considered a potent activator of alternatively activated macrophages (AAM) (27) (Fig. 3) . The inverse relationship observed indicates a differential regulation of Arg-1 and NOS2 in human MDM and demonstrates the ability of Fh12 to stimulate the AAM. Consistent with these observations cells stimulated with Fh12 also showed high levels of arginase activity that peaked (3U/10 6 cells) at 48 h after stimulation. NO was undetectable in Fh12-stimulated cells at time points from 24 to 72 h after stimulation. In contrast, the stimulation of cells with LPS resulted in significantly high levels of NO (35 M) that peaked at 24 h after stimulation (P Ͻ 0.001), whereas arginase activity at any time point was undetectable. It was interesting to note that when cells were treated with Fh12 prior to LPS stimulation, the levels of NO dropped drastically and become undetectable at 24 h poststimulation (Fig. 4) . It was also found that treatment of MDM with Fh12 resulted in the suppression of IL-12A, TNF-␣, and IL-1␤ (P Յ 0.01), which are cytokines highly associated with the inflammatory response induced by LPS, and an increase in the expression levels of IL-10, which is an anti-inflammatory cytokine (Fig. 5 ).
Given such a potent influence on the expression of inflammatory cytokines and other inflammatory markers from MDM, we measured the influence of Fh12 on cell viability using the XTT assay. The results demonstrated that treatment of MDM for 24 to 48 h with LPS, IL-4, or Fh12 did not inhibit cell growth or viability (Fig. 6) . Treatment of MDM with medium or Fh12 plus LPS gave similar results in all experiments (data not shown). These results demonstrated that the differences in the cytokine pattern expression produced by Fh12 might not be attributable to cell death.
DISCUSSION
Although FABPs are cytosolic proteins, several isoforms of these molecules have been found in the excretory-secretory products (ESPs) of F. hepatica (3, 4) and extracellular vesicles (31), which is believed to be one of the ways that many parasite proteins are excreted. Moreover, our research group recently demonstrated that FABP is one of the most prominent components of an F. hepatica tegumental coat antigen (FhTg) that was found to be highly reactive with sera from patients with chronic fascioliasis (24) . Consistent with these results, the native F. hepatica FABP (Fh12) purified in this study was found to be highly reactive against human sera obtained from patients with chronic fascioliasis and against antisera raised against specific tegumental coat antigens and excretory-secretory products of F. hepatica. These results suggest that the protein purified in this study has antigenic properties similar to those that are naturally produced by the parasite and secreted through the tegument. Since the fatty acid binding protein (Fh12) is a component of the external tegumental coat of the parasite and is secreted through the tegument, this protein could have a role in the interaction with the Toll-like receptors of antigen-presenting cells (APC). Macrophages are antigen-presenting cells that are essential for the interaction between the innate and acquired immune systems and are critical mediators of most chronic inflammatory diseases. The activity of macrophages is regulated by specific signals that induce their development into discrete phenotypes, which differ in terms of receptor expression, effector function, and cytokine secretion. The best-characterized phenotype is the classically activated macrophages (CAM), which develop in response to proinflammatory cytokines (such as gamma interferon [IFN-␥]), microbial infection, or bacterial products such as lipopolysaccharide (LPS). In contrast, macrophages activated by the interleukin-4 (IL-4)-dependent signal pathway are classified as alternatively activated macrophages (AAM) (14) . The effects of F. hepatica tegumental antigen and excretory-secretory products on macrophages derived from mice, cattle, and ovines have been well documented (14, 16, 19, 20, 32, 33) . Moreover, recombinant versions of the parasite peroxiredoxin have been shown to induce the alternative activation of macrophages, as indicated by an in- A 492 nm a n t i -F h 1 5 a n t i -F h T g a n t i -E S P The ELISA plates were coated with 15 g/ml Fh12. Sera were diluted 1:400 in PBS containing 0.05% Tween 20 (PBST), and the anti-rabbit IgG or anti-human IgG peroxidase conjugates were used diluted 1:5,000 in PBST. Fh12 was tested against an antiserum prepared against recombinant F. hepatica FABP (anti-Fh15), an antiserum prepared against F. hepatica tegumental antigen (anti-FhTg), an antiserum against F. hepatica excretory-secretory products (anti-ESP), 6 human sera obtained from patients with chronic fascioliasis (FhHS), 6 negative rabbit sera (NRS), and 6 sera from healthy subjects (NHS). The experiment was replicated three times and the results expressed as the mean absorbance at 492 nm Ϯ standard deviation (SD). (B) Purified Fh12 was analyzed by 12.5% SDS-PAGE and electrotransfer to a nitrocellulose membrane, which was cut into strips that were incubated with anti-Fh15 (lane 1), anti-FhTg (lane 2), anti-ESP antiserum (lane 3), and negative rabbit serum (lane 4) diluted 1:100 in PBST. After successive washes to eliminate excess antibody and addition of the antirabbit IgG peroxidase conjugate (diluted 1:2,000 in PBST), immunoblots were revealed by incubation with diaminobenzidine as a chromogenic substrate. The arrow indicates the presence of the 12-kDa polypeptide detected in each immunoblot.
crease in arginase activity in murine (14, 19) and ruminant (16, 20) models. Recently, a homogenate of adult flukes has also been shown to induce arginase activity in bovine macrophages derived from nonvaccinated animals and cultured in vitro (34) . AAM have also been shown to occur in animal models of Schistosoma mansoni (35) , Trichinella spiralis (36) , and Taenia crassiseps (37) infection. The results of this study are the first demonstrating the response of human-derived macrophages to an F. hepatica molecule. Our results expand the available knowledge on macrophage activation by helminthes. A key result from this study is that Fh12 leads to significant increases in arginase activity in human MDM, as observed by the upregulation of Arg-1, which is characteristic of AAM. In support of these results, we also found that the chitinase-3-like protein (CHI3L1) gene was upregulated in cells stimulated with Fh12. It has been suggested that CHI3L1 expressed by macrophages plays a role in Th2 differentiation, and it is typically expressed in the setting of AAM (38) . Macrophages metabolize L-arginine by two mechanisms, using either inducible nitric oxide synthase (NOS2) or arginase (Arg-1). The differential regulation of these enzymes is known to correspond to either classical or alternative macrophage activation (39) . NOS2 is used as marker of classical activation (CAM), while Arg-1 and CHI3L1 are used to identify AAM (34) . CAM are usually associated with the Th1 responses and therefore fight bacterial infections via free radical production. AAM are linked to Th2 responses, which occur during asthma, fungal, and parasitic infections. The differential regulation of these two macrophage phenotypes has been shown to correlate with the Th1/Th2 cytokine balance and T cell subsets (40) . Th2-dominated responses have been observed in F. hepatica infection in mice, humans, and ruminant hosts. Antibody production is dominated by the immunoglobulin G1 isotype (24, 41, 42) . In experimentally infected cattle, IFN-␥ production and cellular proliferation are detected immediately after infection with the F. hepatica antigen. However, in response to this stimulus, cellular proliferation and IFN-␥ production decrease as infection progresses, and when animals enter the chronic stage of infection, these responses are no longer detectable (43) .
Our results also suggest that AAM generated by in vitro exposure to Fh12 display a phenotype that may either modulate or simply become nonresponsive to another activating molecule. Incubation of MDM with Fh12 prior stimulation with LPS, a potent macrophage activator that signals through TLR4 to produce NO (44) , resulted in poor production of NO and in the upregulation of Arg-1. Consistent with these observations, TNF-␣ and IL-1␤, which are important mediators of inflammation, were also found to be downregulated by normal MDMs treated with Fh12 in the presence of LPS, while IL-10 was found to be overexpressed; this clearly is evidence of the anti-inflammatory potential of Fh12. Moreover, the observation that the IL-12A gene was also downregulated is consistent with the downregulation of NOS2A/NOS2 induced by Fh12. It is well known that NOS2 is required for the signaling process of this cytokine in innate immunity. A decrease in inflammatory cytokines is in keeping with a helminth's need to suppress inflammatory processes (45) , and since IL-12 is an important polarizing cytokine known to drive Th1 differentiation (46) , this suppression may result in the Th1 suppression observed (10 6 cells/well) at 37°C with 5% CO 2 . Cells were stimulated with LPS (15 g/ml) or Fh12 (5 g/ml) prior to or after LPS stimulation for 48 h, after which the supernatants were removed and centrifuged at 1,000 ϫ g. Levels of nitric oxide (NO) measured in the cell supernatant were found to be significantly diminished in cells treated with Fh12. Adherent cells (MDM) were removed with a scraper and analyzed for intracellular arginase activity by a colorimetric method. The arginase activity was found to be significantly increased in cells that were treated with Fh12 prior to or after LPS stimulation. Results represent the means Ϯ SD from a minimum of three experiments, each in triplicate. **, P Ͻ 0.005 compared with the PBS control group. during F. hepatica coinfections. Studies have demonstrated that animals infected with F. hepatica exhibit alternatively activated macrophages (21) , and this effect is mimicked by excretory-secretory products (ESPs) (14, 16, 19) , which are composed of almost 80% cathepsin peptidases. Fatty acid binding proteins (FABPs) are in relatively less abundance in the ESPs (4). However, FABPs have been implicated in parasite protection from the host immune system and may play a part in the detoxification of reactive oxygen intermediates (47) . Based on the results obtained in this study demonstrating that an acid FABP isoform (Fh12) is able to induce the alternative activation of macrophages and exert a strong antiinflammatory effect, it is feasible to conclude that it also contributes to the immunomodulatory effect of ESPs.
Our results suggest that the mechanism by which Fh12 signals is capable of interfering with the LPS signaling pathway. This interference may occur by a number of different mechanisms; for instance, the alternative activation by Fh12 may alter the expression levels of TLR4. In a different mechanism, Fh12 may block the binding of LPS to the lipid binding protein (LBP) or may interact directly with TLR4, CD14, or MD2 coreceptors, leaving them unavailable for additional signaling. We have also observed that cells stimulated with LPS and treated shortly thereafter with Fh12 also exhibited high levels of Arg-1 and produced low levels of NO and inflammatory cytokines (data not shown). This suggests that human MDM may possess some degree of plasticity in their response to signals promoting an alternative activation, as has been reported by other investigators (48) . However, the conditions under which this may occur have yet to be elucidated. The exact mechanism by which Fh12 interacts with the TLR4 is under investigation. However, since many other parasite molecules also signal through TLR4 to produce similar effects, it is possible that Fh12 could have a role similar to those of other excretory-secretory products or tegumental antigens. Moreover, since fatty acid binding proteins are proteins shared with other helminthes, it is likely that this protein also participates in the macrophage activation in other helminthic infections. This observation will be relevant in , LPS (15 g/ml), or IL-4 (10 ng/ml) for 24 to 48 h. Cell viability in the experimental groups was assessed using an XTT assay.
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the efforts to elucidate the Fh12 mechanism of activation and in deciphering its role in Th2 induction and immune responses.
In conclusion, we have presented evidence that F. hepatica fatty acid binding protein is capable of modulating human MDM and of generating macrophages activated by an alternative phenotype. Fh12 inhibits the LPS-mediated induction of the inflammatory cytokines TNF-␣ and IL-1␤; this observation could have pharmacological implications. This study represents an analysis at one time point. Further studies will be necessary to explore the interaction of Fh12 with human macrophages at different time points, before and after stimulation with LPS and other macrophage activators, in in vivo experiments. Our finding that Fh12 is another molecule involved in directing macrophage activation represents an important step in elucidating a mechanism of activation and in deciphering the role of Fh12 in Th2 induction in F. hepatica infections.
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